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GENERAL

DEFI NI TI ONS

The ternms "digital orthophoto" and "DOQ' are used throughout this
document to refer to both the 1-neter ground resolution
guarter-quadrangle digital orthophoto (3.75- x 3.75-minutes in
extent) and the one or two-nmeter ground resolution quadrangle
digital orthophoto (7.5- x 7.5-minutes in extent). Al though the
primary digital orthophoto of concern is the 1-neter quarter-
guadrangle, "DOQ'" will refer to both the quarter-quadrangle and
guadrangle digital orthophotos unless otherwise noted. G ound
resolution, for DO, is synonynbus with ground sanple distance
(GSD). The terns one and two-nmeter ground resolution refer to the
di stance on the ground represented by each pixel in the x and y
conponents. They do not infer the mninum distance that can be
detected between two adjacent features, or the mninum size of a
feature expressed in size of objects or distances on the ground.
The termgray-scale refers to an 8-bit inmage having up to 256 gray
levels. Black and white refers to gray-scale inmages from
panchromatic film while nobnochrone refers to a gray-scale inmage
containing light from one wavel ength band (red, green, blue, or
i nfrared).

Digital orthophoto - A digital inage that has the properties of an
orthographic projection. It is derived froma digitized perspective
aerial photograph or other renptely sensed inmmge data by
differential rectification so that image displacenments caused by
canmera tilt and terrain relief are renoved

Ot hophoto chips - A digital orthophoto nay be nade up of several
i mages nosai cked together to formthe final inmage. Each separate
pi ece of the npsaic that contributes to the final image is called a
“chip".

Nati onal Aerial Photography Program (NAPP)- A nultiple agency
program coordi nated by the USGS that provi des panchronati c and col or
infrared coverage of the United States at 1:40,000 photo scale.

National Hogh Altitude Aerial Photography Program (NHAP) - A
nul tiple agency program coordinated by the USGS that acquired
1: 80, 000 photo-scale panchromatic and 1:58,000 photo-scale color
i nfrared photography of the 48 conterm nous United States fromthe
years 1980-1987.
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OBJECTI VES

The U.S. Geol ogical Survey (USGS) is designated as a | ead Federal
agency for the collection and distribution of digital cartographic
data. The standards specified in this docunent pertain to the
col l ection, processing, archive, and quality control of digital
ort hophoto data. Data produced to this standard will be archived in
the National Digital Cartographic Data Base (NDCDB).

The U.S. Department of Agriculture, Natural Resources Conservation
Service (NRCS), the Farm Services Agency (FSA), the U S. Forest
Service (USFS), and the U S. Geol ogical Survey, National Mpping
Division (NMD) are partners in the National Digital Othophoto
Program (NDOP). The programwas created to ensure that each agency's
digital orthophoto requirenents are met, and to serve the needs of
t he broader user community for digital inagery data. The NRCS uses
digital orthophotos as a common base map to facilitate the
col l ecting, organizing and sharing of natural resource data at
county field offices. The FSA uses digital orthophotos to assist in
tracking producer records at county field offices. The Forest
Service enploys digital orthophotos as a neans to nore accurately
i nventory the national forests. NVD extracts digital base category
data directly fromdigital orthophotos. The Standards for Digital
Ot hophot os supports these orthophoto requirenents. Gven that the
requirenents and technologies involved in producing digital

ort hophotos will renmain dynamic for sone time, the Standards for
Digital Othophotos outlines many key dependencies involved in
producing digital orthophotos and, in sone cases, alternative

net hods of producti on.

This docunent also provides USGS conponents with guidelines for
perform ng quality control and acceptance of digital orthophoto data
into the NDCDB. Data generated by NRCS, FS, NWVD and ot her Feder al
agencies, or procured fromthe private sector, nmust conformto this
standard, to be accepted for entry in the NDCDB.

PRODUCT DESCRI PTI ON

A digital orthophoto is a geo-referenced inmage prepared from a
per spective photograph, or other renotely-sensed data in which the
di spl acenent within the image due to sensor orientation and terrain
relief has been renoved. Othophotos conbine the inmge
characteristics of a photograph with the geonmetric qualities of a
map. They serve a variety of purposes, frominterimnaps to field
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references for earth science investigations and analysis. The
digital orthophoto is useful as a layer of a geographic information
system and as a tool for revising digital Iine graphs. | mage

processing algorithns can be applied to the imge data to support
pl ani metric image classification, three-dimensional nobdeling, and
many ot her spatial applications. A digital orthophoto, as described
in these standards, can be produced from any scal e of photography.
However, the programis oriented primarily toward the production of
1-neter gray-scale and color-infrared digital orthophoto quarter-
guadrangl es from 1: 40, 000-scal e Nati onal Aerial Photography Program
(NAPP) or NAPP-1ike photography. Production of one or two-neter
digital orthophoto quadrangles wll be primarily supported by
nosai cki ng digital orthophoto quarter-quadrangles. Presently, hard-
copy outputs from the digital orthophotos include 1:12,000-scale
ort hophoto quarter-quadrangles and 1:24,000-scale orthophoto
qguadr angl es.

The digital orthophoto is created by scanning an aerial photograph
transparency (diapositive) with a precision inage scanner. The
scanned data file is then digitally rectified to an orthographic
projection by processing each imge pixel through photogrametric
space resection equations. This process requires, as input, ground
control points acquired from ground surveys or developed in
aerotriangul ation, conjugate photo-coordinates of ground control,
canera orientation paraneters, and a digital elevation nodel (DEM.
The rectified digital imge is then archived on suitable digita
storage nmedia with a keyword-based infornmational (netadata) header
affixed to the beginning of the digital inage.

SOURCES

The procedures and instrunentation used for production of digita

orthophotos vary, depending on the systens available. Currently,
NAPP or NAPP-1i ke photography is the prinmary source used for the
production of digital orthophotos by the USGS. NAPP phot ographs are
quarter-quadrangl e centered (3.75 minutes of longitude and | atitude
i n geographic extent) and are exposed at a nominal flying height of
20,000 feet above nean terrain with a 6-inch (152.4 nmm) focal -l ength
canera (photo scale = 1:40,000). A quadrangle (7.5-minute) digita

orthophoto is produced either by npsaicking 3.75-minute digita
ort hophotos or digital orthophoto chips or by generating the digital
orthophoto from 1:80,000 photo-scale black and white photography
fromthe National High Altitude Aerial Photography Program ( NHAP)

Col or-infrared and natural col or photographs nay be used as a source
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for digital orthophotos. Black and white DO may be generated from
CIR and natural color source. Qther aerial photographic or digital
sources may be used in the future.

The photography is scanned with an aperture that can be adjusted
between 7.5 and 30 nicroneters (un), depending upon the inage
scanner and desired out put ground/pi xel resolution. For exanple, an
aperture between 25 and 30 umyields a reasonabl e conprom se between
file size and adequate image resolution to support the present
digital orthophoto program requirenents. A 9 by 9 inch (240 mm
square) black and white aerial photograph scanned with an aperture
of 25 umyields approxi mately 88 negabytes (MB) of raw data. Using
1: 40, 000- scal e phot ographs, a 25 um scan equates to a ground sanpl e
di stance of 1 nmeter. A black and white quarter-quadrangle digital
ort hophoto generated and cropped from a 240- by 240-mllineter
phot ogr aph, scanned at 25 um w th the requisite overedge and header
produces a rectified file between 45-50 nmegabyt es.

DI G TAL ORTHOPHOTO STRUCTURE AND FORMAT

The line length of DO varies fromfile to file. The standard,
unconpressed grayscale DOQ format contains an ASCI|I header
(metadata) followed by a series of 8-bit image data I|ines. The
keywor d- based, ASCI| header may vary in the nunber of data entries.
The header is affixed to the beginning of the inmage and i s conposed
of strings of 79 characters each ended with a newline character.
Each keyword string contains information for either identification,
di splay, or registration of the inmage. Additional strings of blanks
are added to the header so that the Iength of a header |ine equals
the nunber of bytes in a line of inmage data. See Part 2:
Specifications, 2.10 Archive and Distribution Fornat.

The orientation of image data is by lines (rows) and sanples
(colums). Each line contains a series of pixels ordered from west
to east. The order of the lines is fromnorth to south. Digital
ort hophotos are archived and distributed so that when di splayed on
a conputer graphics ternminal, the projection grid north is at the
top of the screen.

The standard DOQ format is either a 3.75-m nute quarter-quadrangl e
or 7.5-mnute quadrangle and is black and white, color-infrared
(CIR), or natural color image. Both quarter-quadrangle and
guadrangl e DOQ contai n overedge inmagery. The 3.75-m nute quarter-
qguadr angl e DOQ has a ground pi xel distance of 1 nmeter while the
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7.5-m nute quadrangl e has a one or two-neter ground pixel distance.
The digital orthophoto is in the Universal Transverse Mercator (UTM
coordi nate systemon the North American Datum of 1983 (NAD 83) for
l-neter, 3.75-minute quarter-quadrangles. Either North American
Dat um of 1927 (NAD 27) or NAD 83 for one or two-neter, 7.5-ninute
guadr angl es (See Section 2.5, Datuns and Coordi nates) can be used.

The standard, archived, quarter-quadrangle DOQ is unconpressed and
is approxi mately 45-50 negabytes (MB) in size. DO are distributed
in both conpressed and unconpressed format. The conpressed DOQ i s
approxinmately 4-6 MBin size and i s acconpani ed by a separate header
file.
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